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CHAPTER I
INTRODUCTION
Aim
The main aim of the project was to examine the
possibility of using the hot wire anemometer to detect
particles in a fluid.

It was hoped that the presence of

the particles would affect the autocorrelation plot and the
energy spectrum of the velocities measured in the fluid.
Before going into the details of the project, a few
basic concepts in turbulence will be examined.
Basic Concepts
A theoretical study of turbulence has as its basis
the Reynold's convention which assumes that the velocity in
turbulent flow can be broken up into a mean component and a
fluctuating component.

Mathematically the turbulent velocity

is represented as
u = u + u'
where
u = mean component of flow velocity
and
1

2

u' = fluctuating component of flow.
u could be calculated in either of two ways.
mean is defined as:

“t = ;

The temporal

J adt
0

where T is a time which is large compared to the time period
of fluctuation of the turbulent velocity.
The spatial mean is defined as:

-1
us = X

I

r

udx

0
where X is a distance which is large compared to the wave
length of the turbulent fluctuations.
to use the temporal mean.

It is common practice

Thus u' = u - u.

The concepts outlined above can be illustrated as
shown below:

Fig. 1.— Turbulent velocity fluctuations.
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The concept of the eddy, though oversimplified, is
useful in understanding the meaning of the autocorrelation
coefficient.

The turbulent flow field can be visualized as

consisting of a series of eddies, an eddy being defined as
a region in which the velocity is almost constant.
Now the autocorrelation coefficient is defined as:

r (Ax) = (u1 (x- )u' (x- + Ax) )/ (u ' (x. 2) )
where
x^ = the location along the x-axis at which u'
is measured,
Ax = a lag distance.
From the expression it is easy to see that the quantity
u'(x^)u'(x^ + Ax) would be almost equal to u ,2(x^) for a
Ax which is less than or equal to the eddy diameter.
r (Ax) would be nearly unity in this region.

Thus,

Once outside

the eddy diameter the quantities u'(x^)u'(x^ + Ax) may
change sign, resulting in a decrease of r(Ax).

It is

obvious that at a large distance Ax there would be as many
positive values of u'(x2)u'(x2 + Ax) as negative values.
This means that r(Ax) would approach zero at large lag
distances.
A similar concept can be developed by defining the
autocorrelation coefficient using time as a parameter.
the Eulerean autocorrelation coefficient is:
r (At) = (u,(tj)u'(ti + At) )/(u'(ti2) )

Now,

4
where
tj^ = time at which u' is measured,
At = lag time.
Now, if u is the mean velocity of flow, it is possible to
define a time
X
T = u
where
A = eddy diameter.

It is easy to see that for At .1 T, r(At) ~ 1, and
r (At) -* 0 as At ■+ °°.
The latter definition of the autocorrelation
coefficient is the one in common usage.

A plot of r against

At would be as shown below.

Fig. 2 .---Autocorrelation plot.
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The scale of turbulence, T_,
D which is equivalent
X
to the time T = Z is defined as:
u
Ts

r d(At)

A measure of the eddy diameter is defined by:

X =

J

rx d(Ax)

0
Tg is the time for which the eddy persists.
The energy spectrum of a turbulent flow field is a
representation of the energy distribution among different
frequencies of fluctuation.

A typical spectrum is

illustrated below:

E(f)

Fig. 3.— Energy spectrum.

The hatched area represents the energy contained between
the frequencies f^ and f2»

It can be proved that for

uniform flow, the energy spectrum and the autocorrelation

6

function form a Fourier transform pair.
The Problem
The autocorrelation plot and the energy spectrum
for velocities measured in plain water would be relatively
smooth and would not contain any marked irregularities.
The typical plots would look like:

Fig. 4.--Auto correlation plot and energy spectrum.
The question asked in this project was:

Will the presence

of particles in a fluid affect the autocorrelation function
and the energy spectrum, and if it does how?

It was ex

pected that the particles would show themselves up as
"humps" in the energy spectrum and the autocorrelation plot.
These humps are shown in Figure

5.

This expectation was justified by the following
reasoning.

The anemometer "measures" velocity fluctuations

in a fluid by measuring the change in the convective heat
transfer coefficient between the probe and the fluid.

The

heat transfer coefficient is a function of the velocity of

7

humps.
the fluid.

If we assume that the particles are uniformly

distributed in the fluid, the anemometer probe would be
hit by the particles at regular intervals of time as the
fluid flowed past it.

These particles would carry away

heat, and this would result in an apparent change

in the

heat transfer coefficient each time a particle hit the
probe.

This effect would show up on the autocorrelation

plot and the energy spectrum as sudden rises or humps.
On the autocorrelation plot, if 'T' is the time
separation between the humps, then the mean free path of
the particles is given by:
1 = UT
where
£ = mean free path,
u = mean flow velocity.
On the energy spectrum, the expression for the nth

8

frequency at which a hump appears is:
fn

nu
I

Now
f _ f
= H = I
rn
In-1
£
T
Also concentration of particles « j .
Thus, knowing the mean free path of the particles
at different locations in the flow field it would be
possible to calculate the concentration of the particles
in the field.

CHAPTER II
EXPERIMENTAL APPARATUS AND PROCEDURE
Flow System
The flow system consisted of a closed loop of
1-1/4" I.D. plexiglass tubing, 40 feet in length.
flow was maintained by a centrifugal pump.

The

A by-pass

valve system was used to control the flow rate.
Apparatus for Measurement and Recording
of the Velocity Fluctuations
The probe system consisted of a Thermo System, Inc.
parabolic hot film probe Model 1236W, a TSI constant tem
perature anemometer and the appropriate connecting cable.
The output from the anemometer was linearized and fed to a
high pass filter (2 yf capacitor) with a cut-off frequency
of 1 Hz.

The filtered data was amplified using a Dana

Model 3400 amplifier and recorded on an Ampex 14-channel
recorder, FR 1300.
The velocity of the fluid was measured by injecting
a dye into the system and recording the time required by
the dye to transverse a distance of four feet.
Fig. 6 and Fig. 7 show the flow system and the
probe system.
9

10

Fig. 7.— Probe position.
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Twelve sets of data were recorded.

The sets are

tabulated as below:
TABLE 1
FLOW REGIONS

Flow Regime
Laminar

Re Number
380

Transition

3270

Turbulent 1

6550

Turbulent 2

14100

The above four Re numbers were used for plain water,
water with 2 per cent aluminum particles, and water with
2 per cent lucite beads.
For a more detailed discussion of the experimental
apparatus and the procedure the reader is referred to the
thesis by Terry Haws (Brigham Young University, May 1972).

CHAPTER III
ANALYSIS OF DATA
Computer Facilities
The data recorded on tapes were analyzed using the
computer facilities provided by the Engineering Analysis
Center of Brigham Young University.
A special purpose computer, the SEL Model 810B , was
used to convert the data from analog to digital form.

The

digitalized data was stored on magnetic tapes.
A general purpose computer, the Librascope L3055,
was used for the analysis of the digital data.
Sampling and Filtering of Data
The data was sampled at intervals of 1 m sec.

This

would mean that a cycle of the turbulent fluctuation would
be sampled approximately 100 times.

It was safer to choose

a small sample time and later filter the data, rather than
choose a large sample time which might have led to a loss
of information.

Each set of data contained 1000 samples.

Data from an anemometer usually contains a fair
amount of noise which is mainly random in nature.

This

noise has a high frequency and can affect the information
if the sampling time is in the order of the time period of
12

the noise signal.
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Most data acquisition techniques employ

small sampling times for the reason mentioned in the
preceding paragraph.

The noise in the sampled data can be

reduced or eliminated using appropriate filtering systems.
One of the simpler but effective filtering
techniques is that of moving averages which was used in
this project.

The method of moving averages can be best

understood by considering an example.

Let us suppose we

have a sinusoidal wave on which is superimposed another
sinusoidal signal of relatively large frequency.

Now, it is

required to filter the high frequency wave.
The wave in consideration can be represented as
follows:

Fig. 8.--Mixed waveform.

If the signal is split up into its components, we get:
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Now, we sample the signal and construct the following
series:

Yl + Y2 ’ * ^n
Y2 + ^3 * ' Yn+1
*3 + y4 * * ^n+2
-------------- / _____ ___—_______ / --- --- ------- -—
n
n
n
to replace the original set of samples.

If the n points

which constitute the moving average span a time period of
"I", the period of the high frequency signal, it is easy to
see that this averaging process filters out the high
frequency wave.

However, it should be noted that the sig

nal we are interested in is also distorted to a certain
extent.
would be:

A continuous representation of the filtered wave
(Fig. 10)
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It is important to see that the averaging process does not
lead to a complete loss of information.

Since sampling is

the discretization of continuous data, the distortion
caused by moving averages is negligible if the noise is of
sufficiently high frequency.

To make this concept clearer,

it should be pointed out that the process of sampling by
itself transforms a continuous waveform into a step-wise
waveform.

The length of the step is the sampling time.

Because little is usually known about the frequency
of the noise, a trial and error procedure is necessary to
determine the interval of averaging.

It should be mentioned

here that there is no fool-proof method to find out whether
all the noise has been eliminated.

One has to rely a great

deal on intuition and experience.
Figs- 11-13 shcwthe autocorrelation plots and the
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m sec
Autocorrelation plot
Fig. 11. — Onfiltered data.
with lucite beads.

Turbulent 2

99

Water

17

1

0

fi

sec

Fig. 12.— Autocorrelation plot.
interval - 5 m sec.

QO
Averaging
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Fig. 13.— Autocorrelation plot.
interval - 50 m sec.

Averaging

19
energy spectra of data filtered using different intervals
of averaging.
Choice of Averaging Interval
It was safe to assume that the frequency of the
noise was large compared to that of the turbulent
fluctuation.

Thus, small values of averaging interval

(small time period or large frequency) were chosen.
values used were 5, 10, 15 and 50 m sec.

The

It was found that

there were no noticeable differences in the autocorrelation
plots of the data filtered using intervals of 5, 10 and
15 m sec.

However, with an averaging interval of 50 m sec,

one of the humps in the plot was eliminated.

To make sure

that no information would be lost, an interval of 5 m sec
was chosen as the "ideal".
The Autocorrelation Coefficient
The autocorrelation coefficient

t

(Ax ) is defined

as:
r (Ax) = (u1 (x^u' (x^ + Ax) )/(u'(xi2) )
Let
u'(Xi) = u'n
and
u' (X;L + Ax) = u'n+k
Also
un ' = un ~ ^n
and
u n+k = un+k ~ un+k
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The autocovariance
Rk

function

is defined by:

u nu n+k
(un - un> <un+k ‘ un+k>

^unun+k
unun+k

unun+k

unun+k + unun+k -

unun+k

N-k
1
N-k

T

u„u„
,.
n n+k

(N-k) 2

n -:

k=l

where
un = n^h velocity sample,
N = No. of samples,
k = lag corresponding to Ax.
Now

Therefore,

the correlation coefficient is:

Rk
r. = _
k
Ro
where
k = 0, 1, 2 ... k
where
k = largest lag required.

un+k

un
k=
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Energy Spectrum
The correlation function and the energy spectrum
form a Fourier transform.

This means that if r, the

correlation function, is a continuous function of k, then
the coefficients of the Fourier series formed from
constitute the power spectrum.

r

Mathematically this can be

represented as:
.
r(k)

=

Grt
kir _
u+ Gj cos jr— + G2

cos

2kir ,
,Gv
—
+ . . .+ K
2

where
K = interval of integration.
The coefficients G q , G-^, Gk constitute the power spectrum.
Now
kmir
r (k) cos ~Y~ dk

2

Gm — K
iS0

Gq = ^

J'

r (k) dk

0
K
GK = I

^

r(k)(-l)Kdk

0
As r is in the form of a table of values, numerical inte
gration is necessary to compute the power spectrum,
takes the discrete values 0, 1, 2 ... K then

If k

22

K
Gm

kirm
r (k)cos K dk

^
-

I

r

2
0
ir + K

z

knur

r kcos

K

0

+

r
K

K

(-l)m

It is easy to see that G q and GK can be obtained by
evaluating the above expression for m = 0 and m = K and
dividing by two.

These estimates of Gk are smoothed to

reduce the effect of sampling errors, using the Hanning
procedure:

V =i Gi+i G0
Gm' “ 4 Gm-1 + 7 Gm + \ Gm+l? m “ 4 ' 2 '** * k"
gk' = \ GK-1 + \ G
In this form the results refer to an arbitrary set
of frequency bands which are related to the power spectrum
on a time frequency scale by:

F{n}

m
2KAt

and

n

m
2KAt

m = 1, 2

and where
N = total number of observations,
k = lag number,
K = maximum lag number.
At = time separation between lags.

K
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Computer Program and Flow Chart
A computer program was written to analyze the data
from the anemometer.

The steps in the computer program can

be listed as follows:
1.

Read the digital data from the appropriate file

on the input tape into a matrix.
2.

Filter the noise from the input values using a

moving average technique.
3.

Compute the values of the autocorrelation

function and plot them against values of lag.
4.

Compute the power spectrum and plot it against

the frequency.
A subroutine from the I.B.M. Scientific Subroutine
package was used to calculate the correlation function.

The

steps in the computer program are flow charted in Fig. 14 •
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Magnetic
tape
containin'
data
1. File number
2. Averaging
interval
3 . Length of
autocovariance
matrix

Input

Filter
lata using
moving
averages

Compute
Autocorrelatio a
Function

Compute
Power
Spectrum

Plot it
against
lag

Plot it
against
frequencA

End
3

Fig. 14.--Computer program flow chart.

CHAPTER IV
RESULTS AND DISCUSSION
Results
Figs. 5 to 32

show the autocorrelation plots and

the energy spectrums of the following flow regimes:
TABLE 2
FLOW REGIONS
Region
Laminar

Re Number
380 (With Al, with lucite beads,
plain water)

Transition

3270 (With Al, with lucite beads,
plain water)

Turbulent 1

6550

Turbulent 2

14100

The above twelve sets of data were used in the computer
analysis.
The general observations made from the auto
correlation and the spectral analysis were:
1.

The presence of the particles (A1

js

lucite) in

the water produced noticeable humps in the autocorrelation
25
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Fig. 15.--Autocorrelation plot.
water.

Laminar-

27

Fig. 1 6 -Autocorrelation plot.
water .

Transition-

28

Fig. 17.— Autocorrelation plot.
water

Turbulent 1-

29

Fig. 18.--Energy spectrum.

Turbulent 1-water

30

Pig. 19.--Autocorrelation plot.
water

Turbulent 2-

31

0

m sec
pj_g. 20.--Energy spectrum.

99
Turbulent 2-water.

32

0

m sec

Fig. 21.--Autocorrelation plot.
water with lucite beads.

99
Laminar-
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Fig. 22.--Autocorrelation plot,
water with beads.

Transition-

34

Fig. 23.— Autocorrelation plot,
water with lucite beads.

Turbulent 1-

35

Eig. 24.— Energy spectrum.
th lucite beads.

Turbulent 1-water
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Fig. 25.--Autocorrelation plot.
water with lucite beads.

Turbulent 2-
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Fig. 26.— Energy spectrum.
with lucite beads.

Turbulent 2-water
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Fig. 27.— Autocorrelation plot.
with aluminum.

Laminar-water
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Fig. 28.--Autocorrelation plot.
water with aluminum.

Transition-

40

Fig. 29.— Autocorrelation plot.
water with aluminum.

Turbulent 1-
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Fig. 30.— Energy spectrum.
with aluminum.

Turbulent 1-water
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Fig. 31.--Autocorrelation plot.
water with aluminum.

Turbulent 2-
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Eig. 32.— Energy spectrum.
with aluminum.

Turbulent 2-water
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plot.

There were no such humps in the autocorrelation plot

for plain water.

However, in the laminar region, the

particles did not affect the autocorrelation function.
2.

There were humps in the energy spectra of the

water containing the particles.

However, it was found that

the energy spectra for plain water also contained similar
humps.
3.

The Aluminum particles produced more noticeable

humps than the lucite beads.
4.
100 m sec.

It was found that all the humps appeared within
No significant information was obtained by

calculating autocorrelation coefficients for delay times
greater than 100 m sec.
5.

As the Reynolds number decreased, the distance

(time separation) between the humps in the autocorrelation
plot increased.
6.

As expected the autocorrelation plot was

steepest for a Reynolds number of 14,100.

As the Reynolds

number decreased the plots became less steep.

However, it

was found that the autocorrelation plot for laminar flow
was not a horizontal line as normally expected.
7.

The time separation between particles hitting

the probe are listed below for different regimes of flow
(Table 3) .
8.

Turbulent velocity data for water with beads

were filtered using averaging intervals of 5 m secs.
10 m secs, 15 m secs and 50 m secs.

The filtered data
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were used to plot the autocorrelation function and the
energy spectrum.

Figs.11 to 13

show the effect of

filtering.
TABLE 3
COLLISION TIMES

Region

Time Separation m sec

Beads - Transition

99

Turbulent 1

79.3

Turbulent 2

39.6

Aluminum - Transition

32.2

Turbulent 1

27.2

Turbulent 2

17.3

Discussion
As seen by the anemometer, the particles appear as
discontinuities in the flow field.

Depending upon the

property of the particle it can either have a greater or
smaller cooling effect than water on the anemometer.

The

cooling effect of the particle on the anemometer can be
analyzed as follows.

Each particle comes into contact with

the anemometer for an extremely short interval of time.
Thus, the contact temperature determines the heat transfer
from the anemometer.

The instantaneous heat transfer is

inversely proportional to the contact temperature which in
turn depends on the kpc product of the particle.

The
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higher the kpc product, the lower the contact temperature.
This means that a particle with a high kpc product will
produce high instantaneous heat transfer.

In terms of the

autocorrelation plot this increased heat transfer will
produce a bigger hump.

The experimental results showed

that the Aluminum particles produced more noticeable humps
than the lucite beads.

This is because the kpc product

of Aluminum, which is 3580, is much larger than that of
lucite which is only 3.12.

The effect of the particles or

the size of the hump can be best estimated by comparing
the kpc products of water and the particles.

The kpc

product of water is about 1000 times less than that of
lucite.

This simplified analysis seems to exaggerate the

relative cooling effect of Aluminum which is contradicted
by experiment; the humps produced by the lucite beads are
not small compared to those produced by the Aluminum
particles.

However, it should be mentioned here that this

analysis seems to point to further experimentation to find
out more about the relationship between the particles and
the humps in the autocorrelation plot.
Assuming a cubic lattice distribution of the lucite
beads, the time between collisions was estimated to be in
the range of 30 m sec which is in the same order of
magnitude of the experimental results of 60 m sec.
The fact that the autocorrelation plot for laminar
flow was not a horizontal line could be explained by one
of the following reasons:
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1.

The flow was not laminar; an error could have

been made in measuring the Reynolds number.
2.

Laminar swirls could have produced the

irregularity in the flow pattern.
3.

Round off could have become significant

because the voltages produced by the anemometer in the
laminar region were very small.

This noise could have

distorted the laminar data.
Conclusions
It can be concluded that the humps in the auto
correlation plot were caused by the particles in the fluid.
Thus, one can see the possibility of using the anemometer
and the autocorrelation plot to study the distribution of
particles in a liquid.

One major advantage of this method

of measuring concentration is that there is hardly any
interaction between the system on which the measurements
are being made and the measuring instrument.

The tiny

anemometer probe is the only instrument the measured system
sees.
The hot film anemometer analysis could be used to
count blood corpuscles in a flowing blood stream.

In

general, it could be used wherever it is necessary to make
a quantitative study of one phase in a two phase system.
One of the phases has to be in the form of particles.
The energy spectrum did not yield any useful infor
mation as it was not possible to relate the humps it con
tained with those in the autocorrelation plot.

Furthermore,
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the spectrum for plain water also contained humps.

Thus,

a cause and effect relationship between the particles
and the humps could not be established.
Owing to the lack of knowledge of the distribution
of particles in the flow field, it was not possible to
make a theoretical prediction of the mean free path.

Thus,

there were no means of verifying the experimental results.
However, an order of magnitude estimate was made for the
mean free path which compared quite well with the mean
free path calculated using the experimental results.

CHAPTER V
RECOMMENDATIONS
For further work in this area, the following
recommendations are made:
1.

The autocorrelation plot for the flow, which

was supposed to be laminar, was not a horizontal line.
The reason for this apparent discrepancy should be inves
tigated .
2.

Spectral analysis did not yield any results,

although, theoretically it should have yielded the same
information as the autocorrelation plot, in a modified
form.

The cause for this distortion of information should

be investigated.
3.

The main purpose of this project was to examine

the feasibility of detecting particles in a fluid using an
anemometer.

Now, that the feasibility has been established,

the anemometer could be used to study the distribution of
particles in a turbulent fluid.

This study could be done

by placing the anemometer in different locations of the
flow field.
4.

The scope of this project did not allow an

investigation of the nature of the noise in the system.
49
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It is hoped that a detailed study of the noise would help
to explain the discrepancy in the laminar autocorrelation
plot, and the distortion of the spectral information.

APPENDIX

ESTIMATION OF THE MEAN FREE PATH
System capacity = 22,500 cc = 49.6 lbs
The following calculations are made for the beads:
For 2 per cent concentration:
Diameter of beads:

1 lb beads

0.0058 in.

With the above figures, the number of beads in the
system = 2.45 x 107.
49.6
Volume per bead = 62-4 x 2.45 x 107

ft3

If we assume that volume/bead « Kd3 where
d = a characteristic dimension,
K = a factor which depends on the distribution of
particles in the fluid.
Kd3

49.6
62.4 x 2.45

Kd3

4960 x 10“9
62.4 x 2.45

d=cx3.2xl0

Therefore,

x 10“7

^ ft

Let
ac = effective area of contact between anemometer
bead,
L 2 = cross-sectional area of tube.
Probability that the anemometer will strike any one of the
beads =
52
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(—
a

+ —

2

+ D a c/L2

A

1_
( d 2 + 2Ld + L
r2z )a c *
Mean free path with respect to the anemometer
________d
Probabil
Probability
of contact
d
( i— + —— + — )ac
^2
2Ld
L2

d3
d2

(1 + 2L

)a.

If d << L
d3
Mean free path A = —
ac
4960 x 10"9 x 144
=

62.4 x 2.45 x 3.13 x 10

= 15 x 10~3 ft

Assume the beads are distributed in a cubic
lattice.

Then, the number of beads in a cross-section of

the tube will be

< 1

+

! >

< a

+

X )
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where
L2 = cross sectional area of tube,
d = distance between beads.

L
d

The bead will affect the probe if its center is within a
distance equal to its own radius.
Effective area of contact between probe and bead
ac = (.04) (0.004 + 0.0029) +

tt(0.002

+ 0.00145)2

ac = 3.13 x 10“^ in.2

Sensor (0.04" x 0.004")

Effective area of contact in a cross-section of the
tube = number of beads x ac

= (—

d2

+ 2 - + l)a^

d

c

Time between collisions t = A_
u
where
u = mean velocity of flow.
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u varies between 0.357 to 1.54 ft/sec
t varies between 42 m sec to 10 m sec
Average t = 26 m sec.

COMPUTER PROGRAM
C
1
2

3
4
5
6

7
8

9
10
11
12

13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

TURBULENT DATA ANALYSIS PROGRAM
DIMENSION A92000),R(2000),G(2000)
DIMENSION R A (2000)
DIMENSION G A (2000)
READ(5,10 0) L
78 READ(5,303,END=2 08)IOFILE,NAVG
303 FORMAT(214)
WRITE(6,304)IOFILE,NAVG
304 FORMAT(1HO,214)
100 FORMAT(16)
REWIND 2
CALL FORWD(2,IOFILE)
C
CALCULATION OF CORRELATION COEFFICIENT
READ(2)
Kl=l
K2=80
93 READ(2)(A(I),I=K1,K2)
IF(K2.EQ.960)GO TO 76
Kl=Kl+8 0
K2=K2+8 0
GO TO 93
76 READ(2)(A(I),1=961,1000)
N=1000
C
FILTERING PROGRAM
KA=N-NAVG+1
MA=1
NA=NAVG
KR=1
SUM=0
68 DO 92 J=MA,NA
92 SUM=SUM+A(J)
A(KR)=SUM/FLOAT(NAVG)
IF(KR.EQ.KA)GO TO 33
MA=MA+1
NA=NA+1
KR=KR+1
SUM=0.
GO TO 68
33 CALL AUTO(A,KR,L ,RA)
DO 14 1=2,L
14 R (1-1)=RA(I)/RA(1)
RO=l.
56

57
40
41
42
43
44
45
46
47
48
49
50
C
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
C
66

67
68

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

CALL IDPLOT(4., 7 .)
SFY=3.0
SFX=4./FLOAT(L)
CALL PLOT(0.,3.,-3)
CALL PLOT(0 .,3 .,3)
LA=L-1
DO 15 1=1,LA
X=FLOAT(I)*SFX
Y=R(I)*SFY
15 CALL PLOT(X,Y,2)
CALL FINI
ENERGY SPECTRUM
SUM=0
LB=LA-1
DO 16 J=1,LR
16 SUM=SUM+R(J)
GO= (RO+2.*SUM+R(LA))/FLOAT(LA)
SUM=0
DO 17 J=1,LB
17 SUM=SUM+R(J)*(-1.)**J
G (LA) = (RO+2 .*SUM+R (LA) * (-1.) **LA)/FLOAT (LA)
DO 18 J=1,LB
SUM=0.
DO 19 1=1,LB
THETA=(FLOAT(I)*FLOAT(J)*3.142)/FLOAT(LA)
19 SUM=SUM+R(I)*COS(THETA)
18 G(J)=RO+2.*SUM+R(LA)*(-1.)**J)/FLOAT(LA)
SMOOTHING BY HANNING PROCEDURE
GR=(G(l)+GO)/2.
G A (1)= G (1)/2.+(GO+G(2))/4.
GA (LA) = (G (LB) +G (LA) )/2 .
DO 20 M=2,LB
20 GA(M)=G(M)/2.+(G(M-l)+G(M+l))/4.
CALL IDPLOT(4.,7.)
SFX=4./FLOAT(LA)
SFY=5.
GO=l.
GO=GO*SFY
DO 97 J=1,LA
97 GA(J)=GA(J)/GR
CALL PLOT(0.,GO,3)
DO 21 1=1,LA
X=FLOAT(I)*SFX
Y=GA(I)*SFY
21 CALL PLOT(X,Y ,2)
CALL FINI
GO TO 78
208 STOP
END
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ABSTRACT
The purpose of this thesis was to examine the
possibility of detecting the presence of particles in a
fluid using an anemometer. It was hoped that the data from
the anemometer could be used to calculate the concentration
of the particles in the fluid (water).
Autocorrelation and spectral analysis of the ane
mometer data was done. It was expected that the presence
of particles in the fluid would be reflected in the auto
correlation and the energy spectrum as a pseudo increase or
hump. The position of this hump would depend on the mean
free path of the particles.
The results of the analysis did show the appearance
of humps in the autocorrelation plot as well as the energy
spectrum. The humps in the autocorrelation plot could be
related to the presence of particles in the fluid. However,
the energy spectrum did not yield any useful information as
the energy spectrum for plain water also had humps.
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